Microwave radiometry has a long legacy of providing estimates of remotely sensed near surface soil moisture measurements over continental and global scales. A consistent assessment of the errors and uncertainties associated with these retrievals is important for their effective utilization in modeling, data assimilation and end-use application environments. This article presents an evaluation of soil moisture retrieval products from AMSR-E, ASCAT, SMOS, AMSR2 and SMAP instruments using information theory-based metrics. These metrics rely on time series analysis of soil moisture retrievals for estimating the measurement error, level of randomness (entropy) and regularity (complexity) of the data. The results of the study indicate that the measurement errors in the remote sensing retrievals are significantly larger than that of the ground soil moisture measurements. The SMAP retrievals, on the other hand, were found to have reduced errors (comparable to Preprint submitted to Remote Sensing of Environment October 1, 2017
to provide error estimates comparable to those from TC.
55
Similar to these stand-alone assessment methods, here we present the use of information theo-56 retic and autoregressive analysis of time series data for quantifying errors and information content 57 of remote sensing retrieval datasets from a number of recent soil moisture missions. Information 58 theory measures, originally proposed by Shannon (1948) , consider the stochasticity in time series 59 data as sources of information. A key information theoretic measure is entropy, which quanti-60 fies the information content or randomness associated with the probability distribution of the data.
61
Similarly, temporal measures of complexity rooted in information theory can be used to discrimi-62 nate datasets based on time series complexity. Entropy and complexity provide separate measures 63 uation approaches. The application of the information theory methods to the remote sensing soil 85 moisture retrievals is described in Section 3. Section 4 provides a summary and discussion of the 86 major conclusions of this study. is '001', which transitions to the second word '011' and so on.)
100
Shannon entropy is the expected value of the information contained in a symbol sequence. The 101 metric entropy is specified as the normalized measure of Shannon entropy for states of size L and 102 is defined as:
H(L) ranges between 0 (for constant sequences) and 1 (for uniformly distributed random se-104 quences).
105
The fluctuation complexity (Bates and Shephard (1993)), which measures the spread between 106 information within a symbol string between consecutive states is expressed as: 
117
The analysis of measurement errors used in this study is based on the fact that soil moisture,
118
due to its memory, can be described as a first order Markov process (Delworth and Manabe (1988)).
119
The lagged autocorrelation of soil moisture (r(τ )) reduces exponentially with time:
where λ is decay frequency and τ is the time lag. Due to the presence of measurement errors, a 121 linear regression of ln(r) vs τ does not pass through τ = 0, r=1. Therefore, the displacement term 122 a of the correlation at τ = 0 can be used to compute estimates of measurement error (Vinnikov et al.
123
(1996)). The relative measurement error ( ) can be expressed as the square root of the fraction of 124 the random error variance and the variance of soil moisture, as follows: quantified here is that which does not fit the first order ODE. In the analysis below, the error 130 estimates are generated using autocorrelations at lags of 1, 2 and 3 days. 
Data

132
Retrievals from five recent satellite soil moisture microwave instruments are used in this study. shown to perform better compared to other available retrieval products (Bindlish et al. (2017)).
155
The SMAP mission consists of two instruments, a L-band high resolution radar (1 km) and a of remote sensing datasets are intrinsic to these product, we omit analyses that reconciles these 169 differences to a common repeat period. when the soil dries out completely, the scattering contributions from surface inhomogeneities im-183 pact the soil moisture retrievals more than the soil moisture content itself (Wagner et al. (2012)).
184
The relative measurement error computations in Figure 1 confirm these previous findings.
185
The relative measurement error of in-situ soil moisture datasets reported in Dirmeyer et al. Note that the AMSR-E and AMSR2 retrieval algorithms are based on X-band passive mi- ference that would produce a signal equivalent to the internal noise of the instrument. The SMOS 236 retrieval algorithm attempts to reduce the impact of NEDT by using Tb from all incidence angles.
237
The error in the soil moisture retrieval is then minimized by the relationship between Tb and the 
275
The comparisons shown in Figure 5 indicate the different regions of the Entropy-Complexity
276
(E-C) space spanned by each soil moisture dataset. The remote sensing measurements AMSR-E,
277
ASCAT, SMOS and AMSR2 show high density of grid points in the lower right part of the E-C 278 space, the area dominated by high randomness and low complexity. This suggests that the informa- and similar applications of the information theory measures for hydrological model evaluations.
325
The results of the red noise spectrum analysis provide an assessment of the strengths and limi-326 tations of the soil moisture retrieval products. Generally these products have reduced measurement 6. References
